Introduction
The Holifield Heavy Ion Research Facility (HHIRF) is located at Oak Ridge National Laboratory and operated, by the Physics Division, as a national user facility for research in heavy-ion science. The facility (Fig. 1) operates two accelerators: the new Pelletron electrostatic accelerator, designed to accelerate all ions at terminal potentials up to 25 million volts, and the Oak Ridge Isochronous Cyclotron (ORIC) which, in addition to its stand-alone capabilities, has been modified to serve also as a booster accelerator for ion beams from the Pelletron. In addition, a number of state-of-the-art experimental devices, a new data acquisition computer system, and special user accommodations have been implemented as part of the facility. The construction of the facility was completed officially in June of this year.
This paper reports on the present status of facility operation, observations from testing and running of the 25 MV Pelletron, experience with coupled operation of the Pelletron with the ORIC booster, and a brief summary of the experimental devices now available at the facility.
Project Chronology A summary of important milestones during the construction of the HHIRF is given in Table I . This construction, now completed, began in 1976 and included the 25 MV electrostatic accelerator, a building addition to house the accelerator, modest additional experimental space, a building to house the gashandling and storage system for the insulating gas, and modifications to the existing cyclotron (ORIC) to enable it to serve as a booster accelerator for the tandem. From mid-July until mid-October, the facility had a very successful operating period. The Pelletron operated for 14 weeks without a tank opening. During this period, operating voltages have been limited to about 18 MV. This limitation has been imposed by the presence, at higher voltages, of spark-induced deconditioning. In addition, 3 1/3 of the 27 1-MV column modules have been shorted due to erratic behavior.
One possible cause of the observed spark-induced deconditioning is that the annular spark gaps protecting the acceleration tubes are allowing too much of the energy produced during breakdown to be dissipated inside the tube. NEC has provided a new set of spark gaps which are designed to help alleviate this problem. On October 15, 1982, we interrupted operation for a six-week maintenance period to install and test these new spark gaps.
Operation for experiments will resume in early December. A later shutdown will be scheduled to replace defective acceleration tube sections once we have had sufficient operation to assess the effectiveness of the new spark gaps.
The range of ion species provided thus far in operation for scheduled experiments is listed in Table II . The principal ion source utilized during this period has been the ORNL version of the Aarhus negative ion source as modified by Gerald Alton.2 One of the pleasing results of our operation to date has been the ability of this source to produce large currents of many ion species. Of particular significance was the production of a large (10 pA) beam of MgH3-from this source when using a MgCu alloy probe and hydrogen support gas. Microampere beams of 25Mg and 26Mg were obtained from a natural magnesium sample. 
Coupled Accelerator Operation
When the ORIC is operated as a booster accelerator for the Pelletron, the ion beam from the tandem is directed along a transfer line which leads to the rear of the enclosure for the RF resonator, as illustrated in Fig. 2 . The transport of the ions beyond this point is shown in Fig. 5 . An inflection magnet, located within the ORIC resonator, places the tandem-produced beam on a trajectory which is captured by the fringing field of the cyclotron magnet and brought tangent to an acceleration orbit. At this point, a special mechanism places a thin carbon foil to provide a sudden increase in the ion charge. The system is adjusted so that the ions stripped to the desired charge state are bent onto an acceleration orbit. From this point, the cyclotron accelerates the ion beam as in a conventional cyclotron. The conversion of ORIC to booster accelerator status required considerable reworking of the acceleration electrode, trimming capacitors, etc., to accommodate the required inflection orbits. During this period, a major program of detailed measurement of the ORIC magnetic field was accomplished. Setup of the ORIC for booster operation is done utilizing computer orbit calculations based on these measurements. To date, these have proved extremely reliable.
Initial experience with coupled accelerator operation was obtained during a series of brief tests in January, 1981. The first beam produced was a 324 MeV beam of oxygen ions. As the test proceeded, this energy was raised to 400 MeV (25 MeV/nucleon). This is the maximum energy/nucleon achievable with the ORIC booster. We were particularly pleased about the excellent energy resolution achieved (AE/E = 1/3500).
It appears that it is possible to couple the machines in such a way that the high beam quality of the tandem (particularly the brightness and energy resolution) is preserved. In subsequent operation for experiments, this high-resolution mode has not been straightforward to reproduce. We now believe that part of this difficulty is understood and will test these ideas during the next running cycle.
Operation, to date, in the coupled accelerator mode has gone very smoothly. Some 16 ion speciesenergy combinations have been provided for experiments in this mode. The ion species are noted in Table II .
One important feature of the coupled accelerator mode is that for many desired ion-energy combinations full voltage operation of the tandem is not required. Thus, for much of the coupled-mode program the tandem can be operated at rather relaxed voltages. The present limitations cause some loss of energy performance, but only for the heavier ions.
Experimental and User Facilities
The Holifield Facility boasts a number of unique and state-of-the-art experimental devices. These have been developed both by in-house experimental staff and in concert with members of a strong user community. A layout of the facility is shown in Fig. 6 .
Included in the list of available experimental devices are two in-beam gamma-ray facilities, a 0.8-mand a 1.6-m-diameter general purpose scattering chambers, two magnetic spectrographs (one equipped with a windowless supersonic gas jet target), a time-of-flight Fig. 6 . Floor plan of the Holifield Facility system equipped with a large-area detector array, and an on-line isotope separator (UNISOR).
Two of the newest experimental devices are the spin spectrometer and the velocity filter. Both of these devices were designed and built by members of the facility users organization. The spin spectrometer is a closely packed array of 72 7"-deep, equal area, NaI detectors used to make total energy and gamma-ray multiplicity measurements on an event-by-event basis.
The velocity filter is a separated element electric/ magnetic field device used as a beam trap to allow measurement of reaction products at zero degrees.
Such devices as the spin spectrometer place rather extreme demands on the data acquisition system. In order to handle the dimensionality required, the system is implemented in CAMAC and based on three independent CPU's. Each of these systems, including those on-line taking data, operate on a multi-tasking system which supports a number of concurrent tasks. This system has proven very effective and powerful during our initial operation for experiments.
Another aspect of operation as a user facility has been the provision of on-site accommodations for users. Accomplished with funds provided from the State of 
Summary
The Holifield Facility has been completed and operation for experiments is well under way. Experience to date with operation of the 25 MV Pelletron has shown it to be a sturdy and smoothly operating accelerator. The inability to operate reliably at terminal voltages of 20 MV and above has been a disappointment but we have begun modifications aimed at the problem believed to be the source of this limitation. We are confident that with continued efforts of ORNL and NEC the machine will be brought to full potential.
Experience with booster operation of ORIC has been particularly successful and has provided a new range of ion-energy combinations for use in experiments. The long term stability of this operational mode illustrates the power and flexibility of a tandem accelerator as an injector for a cyclotron booster.
